Introduction {#sec1}
============

It is well established that transient ischemic attacks (TIA) increase the risk of ischemic stroke \[[@cit0001], [@cit0002]\]. Transient ischemic attacks occur not long (\< 1 month) before ischemic stroke in 15% of patients, and most patients recover within 1 h \[[@cit0001], [@cit0002]\], and normally, TIAs last no longer than 15 min \[[@cit0003]\]. There are no differences in initial stroke severity in cerebral infarction (CI) patients with or without prior TIAs. Some experimental findings indicate the opposite view. Animal models of ischemic stroke have recently provided evidence for the induction of a phenomenon of "ischemic tolerance" in rodents at advanced age subjected to short ischemic episodes, rendering the brain more tolerant to subsequent persistent cerebral ischemia \[[@cit0004]--[@cit0006]\]. This effect was initially observed in the CA1 zone of the hippocampus \[[@cit0007]\], followed by other subfields in the hippocampus and in the frontoparietal cortex, thalamus, and basal ganglia \[[@cit0008]\].

Furthermore, more and more clinical studies demonstrate that patients with CI in the anterior circulation who have had a prior TIA, triggering the mechanisms involved in the "focal ischemic tolerance phenomenon", present a less severe neurologic picture and, consequently, a better prognosis than patients with ischemic stroke in the anterior circulation who have not had a previous ipsilateral TIA \[[@cit0009]\]. However, there are few reports regarding the characteristics of TIA following ischemic stroke. We analyzed the outcome of 2 groups of patients with cerebral infarction according to the presence or absence of prior TIA. A separate analysis of the clinical features of the TIA was also performed.

Material and methods {#sec2}
====================

The present study sample consisted of all consecutive patients with first-ever ischemic stroke (Liaocheng People's Hospital). The study was approved by the local ethics committees. We retrospectively reviewed 221 cases, from 2012 to 2014, of patients with a diagnosis of acute stroke with or without prior TIA. The inclusion criteria were the Chinese diagnosis guideline for TIA \[[@cit0004]\] and acute ischaemic stroke \[[@cit0005]\]. Exclusion criteria were cerebral embolism, cerebral ischaemia from causes other than atherosclerosis, such as intracranial arteritis and CADASIL, hemorrhagic stroke or subarachnoid hemorrhage, TIA in a vascular territory other than that of the subsequent stroke and epilepsy. Two hundred and fifteen patients fulfilled the criteria and were divided into two groups based on the presence of stroke with or without prior TIA. Patients were treated with aspirin and clopidogrel separately or with a combination of the two. All of the patients were hospitalized and received similar medical treatments and rehabilitation. The history of previous TIAs was recorded from patients' medical history.

Of the patients presenting with stroke with prior TIA, 120 (90.91%) were treated with aspirin and 52 (39.39%) were treated with clopidogrel. Of the patients presenting with stroke without prior TIA, 78 (87.64%) were treated with aspirin and 20 (33.71%) patients were treated with clopidogrel. In more detail, 63 patients/132 (47.73%) received aspirin in the group of stroke with previous TIA before stroke because of the previous TIA and 36 patients/89 (40.45%) had the aspirin medication in the group of stroke without TIA attacks because of the existing risk factors for stroke.

Clinical characteristics included gender, age, incidence of hypertension (HTN), diabetes mellitus (DM), smoking, drinking, dyslipidemia, atrial fibrillation (AF), myocardial infarction (MI), peripheral vascular disease (PVD) and initial National Institutes of Health Stroke Scale (NIHSS) score. The NIHSS evaluation was performed upon admission. The neurological outcome at three months post-onset was divided based on the modified Rankin Scale (mRS) into good outcome with 0--1 and poor outcome with 2--6.

Statistical analysis {#sec2.1}
--------------------

Baseline measurements and cardiovascular risk factors are reported as mean ± SD. The *t*-test was used to evaluate differences between the two groups. Initial NIHSS and chronic mRS were evaluated by nonparametric statistics due to the same sample size and non-normal distributions. Thus, differences between groups were evaluated using Mann-Whitney tests. A χ^2^ test was used to analyze the enumeration data. A *p*-value of \< 0.05 was considered statistically significant. Data were analyzed using SPSS v11.0 software.

Results {#sec3}
=======

The two groups were comparable with respect to demographic characteristics and cardiovascular risk factors. In our study, comparison of the initial NIHSS scores between the two groups revealed no significant differences ([Table I](#t0001){ref-type="table"}; *p* \> 0.05). The time from admission to discharge was also comparable in both groups, and therefore mRS difference could serve as a reasonable parameter for considering the neurological outcome of subsequent stroke attack. The mean duration of the TIA was 42.68 ±11.23 s, mean frequency was 2.14 ±0.45, and mean interval between TIA and stroke was 2.63 ±0.72 weeks.

###### 

Comparison of characteristics between two groups

  Characteristic                           Stroke with prior TIA (*N* = 132)   Stroke without prior TIA (*N* = 89)   *P*-value
  ---------------------------------------- ----------------------------------- ------------------------------------- -----------
  Male/female                              75/57                               51/38                                 0.50
  Age \[years\]                            62.3 ±10.6                          59.8 ±9.6                             0.32
  HTN, *n* (%)                             80 (60.61)                          55 (61.80)                            0.89
  DM, *n* (%)                              66 (50.00)                          43 (48.31)                            0.89
  Smoking, *n* (%)                         82 (62.12)                          51 (57.30)                            0.11
  Drinking, *n* (%)                        56 (42.42)                          47 (52.81)                            0.13
  Dyslipidemia, *n* (%)                    44 (33.33)                          29 (32.58)                            1.00
  AF, *n* (%)                              12 (9.09)                           6 (6.74)                              0.62
  MI, *n* (%)                              32 (24.24)                          23 (25.84)                            0.87
  PVD, *n* (%)                             8 (6.06)                            5 (8.99)                              1.00
  Anticoagulant or antiplatelet, *n* (%)   112 (92.42)                         73 (82.02)                            1.00
  Lipid-lowering medication, *n* (%)       42 (31.82)                          24 (26.97)                            1.00
  DSA intervention, *n* (%)                12 (9.09)                           3 (3.37)                              0.77
  Initial NIHSS                            15 ±3.8                             17 ±5.2                               0.93

DSA -- digital subtraction angiography.

In our study, comparison of the neurological outcome by mRS between the two groups revealed a significant difference ([Table II](#t0002){ref-type="table"}). Eighty-two (62.12%) stroke patients with prior TIAs had a good outcome, while only 39 (43.82%) stroke patients without prior TIAs had a good outcome (χ² = 4.834, *p* = 0.0089).

###### 

Neurological outcomes between two groups

  Group                           Good outcome   Poor outcome
  ------------------------------- -------------- --------------
  Stroke with TIA (*n* = 132)     82 (62.12%)    50 (37.88%)
  Stroke without TIA (*n* = 89)   39 (43.82%)    50 (56.18%)
  χ²                                             4.834
  *P*-value                                      0.0089

As we showed that the prior TIAs had a neuroprotective effect on subsequent ischemic stroke, we further investigated whether an association exists between characteristics of prior TIA and stroke outcome. Here, we mostly focused on the special groups of TIA with duration, different frequency and TIA-stroke interval. For each subdivision, we conducted a separate analysis of the mRS scores relative to those from patients with no prior TIA.

As for the TIA duration ([Table III](#t0003){ref-type="table"}), the data from patients with prior TIAs were further subdivided into (1) TIA lasting for 10 min; (2) 10--60 min; and (3) more than 60 min. We found that only those stroke patients with TIA 60 min or less developed better neurological outcomes compared to the respective groups (*p* \< 0.05). There was no significant difference in stroke patients with TIA more than 60 min (*p* \> 0.05).

###### 

Duration of TIA and subsequent ischemic stroke

  Group          Total without prior TIA (*n* = 89)   \< 10 min (*n* = 37)   10--60 min (*n* = 42)   \> 60 min (*n* = 53)
  -------------- ------------------------------------ ---------------------- ----------------------- ----------------------
  Good outcome   39 (43.82%)                          30 (81.08%)            29 (59.52%)             23 (43.40%)
  Poor outcome   50 (56.18%)                          7 (18.92%)             13 (40.48%)             30 (56.60%)
  *P*-value                                           0.0001                 0.0070                  0.9607

Regarding the TIA frequency ([Table IV](#t0004){ref-type="table"}), patients with prior TIAs were further divided into (1) one-time TIA; (2) 2--3 times TIA; and (3) \> 3 times TIAs. We observed that stroke patients with prior TIAs up to three times had better neurological outcomes compared to the respective groups (*p* \< 0.05). Those stroke patients with more than three TIAs before the onset did not demonstrate a beyond neurological outcome (*p* \> 0.05).

###### 

Frequency of prior TIA and subsequent stroke

  Group          Total without prior TIA (*n* = 89)   Once (*n* = 45)   2--3 times (*n* = 42)   \> 3 times (*n* = 45)
  -------------- ------------------------------------ ----------------- ----------------------- -----------------------
  Good outcome   39 (43.82%)                          30 (66.67%)       27 (64.29%)             25 (55.56%)
  Poor outcome   50 (56.18%)                          15 (33.33%)       15 (35.71%)             20 (44.44%)
  *P*-value                                           0.0171            0.0392                  0.1990

When it comes to the TIA-stroke interval ([Table V](#t0005){ref-type="table"}), patients were grouped into (1) within 1 week; (2) 1--4 weeks; and (3) more than 4 weeks. Those patients with the TIA-stroke interval less than 4 weeks showed better neurological outcomes (*p* \< 0.05). Also there was no significant difference regarding patients with a TIA-stroke interval more than 4 weeks (*p* \> 0.05).

###### 

TIA-stroke interval and subsequent stroke

  Group          Total without prior TIA (*n* = 89)   \< 1 week (*n* = 29)   1--4 weeks (*n* = 34)   \> 4 weeks (*n* = 69)
  -------------- ------------------------------------ ---------------------- ----------------------- -----------------------
  Good outcome   39 (43.82%)                          24 (82.76%)            22 (64.71%)             36 (52.17%)
  Poor outcome   50 (56.18%)                          5 (17.24%)             12 (35.29%)             33 (47.83%)
  *P*-value                                           0.0003                 0.0383                  0.3368

Discussion {#sec4}
==========

In this study, we found that ischemic stroke patients with prior TIAs had a better neurological outcome compared to those without prior TIAs (*p* \< 0.05). In addition, the subgroup analysis demonstrated that the characteristics of TIAs had an effect on the neuroprotection of prior TIAs. Stroke patients with TIAs of 60 min or more had a poorer neurological outcome compared to those with TIAs of less than 60 min, while stroke patients with more than 3 times prior TIAs also had a poorer outcome as well. Patients with more severe prior TIAs with longer duration and higher frequencies had a poorer outcome. This means that after TIAs, the brain still undergoes a period of hypoxia and ischemia; however, if this hypoxic period extends much longer, this neuroprotective effect would be replaced by serious brain injury \[[@cit0004], [@cit0010]\]. When the interval between the TIA and stroke became longer, these patients had a poorer outcome as well, indicating that the neuroprotection of prior TIAs had a window effect. Therefore, although the prior TIAs had a neuroprotective effect on subsequent cerebral ischemia, this effect would be affected by the characteristics of prior TIAs including the duration, frequency and interval between TIA and stroke. The mechanism of this effect needs further studies.

The findings from our study are relatively consistent with previous reports. One study found that prior TIA occurs mostly within 7 days \[[@cit0011], [@cit0012]\] or 1 month before the onset of ischemic stroke \[[@cit0009]\]. Moncayo *et al.* reported that those patients with TIA less than 30 min had a better neurological outcome compared to those with TIAs longer than 30 min \[[@cit0009]\]. They considered that those patients with prior TIAs less than 30 min had a better capacity of brain resistance to hypoxia and ischemia. Arboix *et al.* \[[@cit0013]\] and Sitzer *et al.* \[[@cit0014]\] found that in patients with non-lacunar infarction, patients without TIAs had a poorer neurological outcome than those with TIAs. This is further confirmed by magnetic resonance imaging data showing a smaller infarction area in stroke patients with prior TIAs \[[@cit0015]\].

The mechanism underlying how prior TIA improved the outcome of subsequent stroke might be related to the capacity for resistance to the ischemia due to atherosclerosis. However, this effect is compromised in patients with lacunar infarction \[[@cit0009], [@cit0016]\]. From the pathophysiological point of view, our results might be related to the neuroprotection induced by ischemic tolerance \[[@cit0008]\]. Actually, several animal models of brain ischemia have proved that prior hypoxia can improve the neurological outcome after cerebrovascular events via endogenous neuroprotection, including the activating transcription factor and post-translational modification \[[@cit0010], [@cit0017]\]. To further explore the molecular mechanism underlying these observations, it would be beneficial to look for a new prophylactic strategy for ischemic stroke.

There are also some limitations of this study. First, there are other possible explanations for the results. The presence of a prior TIA should increase the patient's and medical staff's awareness of the preventive strategy for stroke \[[@cit0018]\]. This subjective awareness might explain the better neurological outcome in patients with prior TIAs. Second, the information about TIA was received from the patient or family, without any medical track record. Third, some patients take both antiplatelet therapies due to the previous histories including myocardial infarction, TIAs and risk factors related to stroke including hypertension, hyperlipidemia and so on. It would be necessary to stratify patients with different combinations of antiplatelet therapy based on a larger patient sample, to clarify the effects of anticoagulation therapy on the outcome of TIA patients.

In conclusion, our results indicate that prior TIAs may have a neuroprotective effect on the neurological outcome of subsequent ischemic stroke, and this effect is further affected by characteristics of TIAs including the duration, frequency and interval between TIA and stroke.
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